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EXECUTIVE SUMMARY

CPdTICAL ECOLOGICAL!BIOLOGICAL OBJECTIVES ADD~[~:)

Our overall objective is to mitigate ¢cotoxic risk of contaminants, particularly Se~ ia agrienlm,~
drainage reservoirs to reduce subsequent impact on wildlife along the San J’oaquin ri~r corridor and
through the Pacific Hightway for migratory birds, Drainage regulatory reservoirs are deemed to be
critical for regulating the release of drain wal~rs from the Grassland Bypass Drainage area into the San
Joaquin river so that episodic cxceedance of Se wa~r quality objectives and kind into the fiver can be
ch-enmvented. Drainage evapol-ation basins are currently utilthzed for dislx~sing drain waters in the
Southern San Joaquth Valley, which is in thc direct path of the Pacific Fligtttway.

To achieve the overall objective, the following questions will be addressed: (1) to reduce Se and
food availability to fish and birds through aggregation and exhaustive harvesting of water-column
invertebrates; (2) to intr~eapt bioavallable Se load into bottom sediment through water-column
invertebrate harvest; (3) to mampulate the mierophyte community to optimize Se loss through
volatili7~alon, to minimize biotransferrable Se, and to sustain harvestable im~rtebrate production; (4) to
optimize the timing of mierophyte manipulation and invertebrale havest with respect to wildlife ~-eeding
season; (5) to explore the marketability of harvested materials.

tLESULTS AND BENEFITS

If saeeessful, the proposed approach would greatly facilitate in-valley disposal of agticaltmal drain
waters. This is achieved by improving the management of regulator?’ or terminal reservoirs for disposing
agricultural daain waters, both in terms of mitigating Se ccotoxic risk and economic efficacy. The same
approach can ’also be incorporated with other drainage reuse schemes (e.g. agroforesttT) to reduce Se
ecotoxic risk end to remove Se before thc final stage of evaporation (e.g. solar evaporation cells).
Removing Se contamination from the cvaporite salts can greatly improve their marketability for export
out of the Valley, thereby reducing salt builtap in the Valley and discharge into the San Jt.~quin river.
Other atmndant benefits that can resutt froar the proposed approach include downstream habit~
preservation, protection of resident wildlife species along the San Joaquin river and in the Delta against

Se and ~dinity stress, and improvement of drinking water quality.

SUMMARY OF RESEARCH APPROACH

Our experimental approach is embodied in the following plans over a 3-year duration:
(1} Preparation of pilot reservoirs for testing key concepts of waterborne Se removal by invertebrate

harvest and optimiTation of in’,~rtebrate production and harvest via mamipalating microphyte
communi~’;

(2) Manipulation ol microphyto conmautfity via changes in salinity and different fertilizer inputs;

(3) I-I~west and evaluation of wator-eolumn and benthic maeroinvertebrate commnnaity;
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(4) Analysis of microphyte and invertebrate biomass for a broad si~ctrnm of nument and contaminant
elements to guide fmther fertilizer suplflement:

(5) Momtoring of water quality parmneters and measurement o1~ Se volatihzanon as a Ihnefion of
micropkyte commtmity;

(6) Se Analysis of sediment, microphytes, and macr~tavartebrates ~water-column + l~nthicl;
(7) .EAploring the marketalfllit~ of macrc;urvertebiate hurves~:
(8) Project management

These tasks will be performed jointly by UC Davis (Teresa Fart mad P, Jchard Higashi), Aquau¢
Resgarch institute (Kobert Rofen), and Pano01m Water District (Dennis FMaschi). |~ addition, the
Department of Water Resourees~ Fresno is planning to apply a similar approach in test evaponttion
ponds at the Lost Hills Water District.

Fan and Higashi have exLeusive expertise in Se biogeochemistry in San Joaquin Valley’s
ponds and in applying the knowledge to to situ Se bioremediafion. P.ofen and Aqumic Research Institute
ha~ unique experiences in inacroinvertebrate production, harvest_ and marketability. Falaschi mad
Panoche Water District statt" have extensive experience in dranm~e manasement as well as reservoir
preparation and mgmtenance. The requested budget (see Table below) for this 3-year project
$749,386 with a cost-sharing of $327K in equrpment and participants’ effort.

FOTAL BUDGET SUMMARY

Task Total Direct Costs Overhead & Indirect Costs I Total Costs
Bio~.cochemislr¥ 382~620 37~261 419,881

2. Harve~ing 299~549 29,956 329,505
tOTALS 6821169 67,217 749~386

3
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PROdECT DESCRIPTION

PROPOSED SCOPE OF WORK

Out and Dr. R. Rofen’s studies (see Linkages under ECOLOGICAL/BIOLOGICAL
BENEFITS) suggest that microphyte-mediated Se biogeochemistry (e.g. volatilization) and foodchain
interruption may hold keys to implemanting a long-t~,mrt management #an for drainage regulatory
reservoirs that is both ecotoxicologieally sound and economical. Therefore, one clear thrust would be to
investigate these concepts in n denaonstration facility so that various parameters can be optimiz~d for full-
scalc operations.       To achieve the objectives oudined under the section
ECOLOGII3AL/BIOLOGICAL BENEFITS, We envision the following plans over a 3-year
duration:

(1) Preparation of pilca reservoirs for testing key concepts of waterborne Se removal mechamsms
and relationship between microphyte community, invertebrate production, and tiarvast;

(2) Manipulation of microphyte commtmity via changes in salinity and different fertilizer inputs:
(3) Harvest and evaluation of water-column and benthic macroins,ertobrate ~x)mnmumty;
(4) Analysis of microphyte and invertebrate biomass for a broad spconxtm of nutliant and

contaminant elements to guide l~rther fertilizer addition;
(5) Monitoring of water quality parameters and measurement of Se volafilizanon as a function of

microphyte cx3mmunity;
(6) Se Analysis of sediment, microphytes, and maeroinvertebrat~s (watt-column + benthic);
(7) Exploring the marketability of harvest macroinvertebrates;
(8) Project maaagemant

L EXPERIMENTAL APPROACH FOR PLANS LISTED ABOVE

Plan 1: Pilot Reservoir Preparation and Mainlenance

Two 2-acre ~ach l~tlot reservoirs will be prepared at the Panoebe Water District. These resets’tits
will scrve as a guide to the opomtion of two regalak]ry reserviors currently in use at the District. The
pilot reservoir will accoremodate up to 6 ft of water depth with steep sides to minimize wildlife access
and lined with plastic liner to prevent downward seepage into the groundwater. Movable curtains may be
placed in the reservoir perpendicular to the prevailing wind direction. We found that microphytes,

" of evaporation ponds. Itorganic mataei, and macromvertebrate tend to accumulate at the downwind side
may be practical to aggregate biota with curtains to facilitate harvest.

One reservoir ~vill serve as control with no manipulation of micmph)ae community while the other
will be tcsted for addition of nutrient fertilizers to alter the microphyte community profile, Drain water
will be pumped into the reservoir and the system will be stabilized for at least 3 months before any
manipulation is implcmente& Subsequent maintenance of the reservoirs will be performed as needed
including water delivery and levee maintenance.

Plan 2: Manipulation of Micvophyte Community

Common hay, chicken manure, and phosphate have been tested at TLDD evaporation basin and
found to be effective in enhancing algal population that favored brine shrimp production. We will start
with these three fertilizer materials as well as chelated iron and test for their efficacy in altering
microphyte community in the pilot rc~rvoir. ~Ve will test the timing of the fertilization with respect to

4
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Fan et al.

wildlife br~xfing seasons to minimiz~ S~ transfer into developing embryos. Tho fertiliz~er materials will
be testexl for a broad spectrum of nutrient and non-nu~ient elements including Se to avoid the use of
contaminated materials and to relat~ the nutrient profile to miemphyte commumty change. Microphym
counnunity of reservoir waters will be documented by optical-digital microscopy coupled with pigment
analysis by HPLC (Fan and Higashi, 1998a). Mi~rophyte category (e.g. green phytoplankl~n, diatom,
and eymaobactel’ia), specie*, and abundance (if pr.,~tical) will be examined to con~!ate with the fertiRzer
nutrient profile.

Drain water will be pumped into the reservoir at flow rates and frequencies such that the ~linity of
the water can be main ,rained at desired levels for daphnia, corixid, or brine shrimp producllou.

Plan 3: Macroinvertebrate Harvest ar~l Evaluation

Water-column maeroinver~brates will be harvas~d and sorrel on a daily basis or as needed during
production periods to prevent wildlife predahon. This approach has been tested successfully at TLDD
basin, where sustained brine shrimp harvest also led to a depletion of watermolumn mierophytc
population and waterbone Se concentration. The micmphyte depletion should in thin limit delrital
formation and therefore benthic productivity. This relationship will be tested by collecting and sorting
bentlfic macroravertebrates.

Plan 4: Element~d Analysis of Bio~

Microphyte biomass will be collected from waters by passage through 10 /zm nylon screen,
followed by centrifugahon. Biomass of mi~,,rophyms and water-column maca’oinvarmbrates will be rinsed
thoroughly to remove site water, freeze-dried, and finely ground for X-ray fluore~ance (XRF) analysis.
Anumber of elements ulcluding Mg. A1, P. S, K, Ca, Mn, Fe. Co, Ni, Cu, Zn. As, Se, Br, Mo, Ag,
Cd., Ba, and Imo can be routinely screened using XILF. These, together with the elemental profile of the
ferlilizers, should provide guidance for further nutrient supplements and for revealing undesirable
accumulation of contaminants in the biota. I~ ~ddition, the eleraantal profile should help facilitate the
marketing of the harvested materials.

Plan 5: Monitoring Water Qt, ality and Se Volatilization

Water samples wilt be collected regularly for analysis of selected water-quality parameters including
pH, temperature, saliulty~ TDS, and total Se. Water samples will also be purged on-site with He gas and
volatile Se compounds, trapped in liquid, nitrogen, will be quantified by If, C-MS analysis, which
provides a measure of Se volatilizatio~ capacity (Fan mad I-figasbi, 1999a).These results will be

correlated with the microphyte community profile obtained from Task 2.

Plan 6: Analysis of Sediments and Biota

Newly settled sedimen’~ materials will be collected over selected durations using a .sediment trap that
we designed for the TLDD basin study (Fan and l--llgashi, 1997). We found that the trap raaterial was
much higher in 8e concentration than the corresponding sediment corse, which suggests that the Imp
material was enriched in detriu~. Thus, we should be able to estimate detrital formation by following thc
Se and orgamc matter status in the trap material. We will confmn this relationship by analyzing the trap
material lbr proteins and Se lctad in proteins, assuming that proteins are originated ~rom biota. Total Se
analysis using the fluoreseenen method and protein extraction and analysis will be performed according

5
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~o our prevloas procedar~s (Fan et al., 1998b). Sediment cores witt also be analyzed fo~r total: Se lbr
compenson with the trap analysis,

Tlie m~crophyte and uracromvertebeal¢ biomnss collected under Task 3. will be preparedas in Task 4
and analyzed for total Se and Se load in proteins as described above Se load in proteins is considered to
bethe bioavailable and biotransfen~ble fraction (EPA report, 1998). The Se load in sediment and biota
will be comyared with water Se concentrations, urserophyte commuurt~, ~n~l Se vdatilization capacity to
reveal the conditions under which Se load in water and sedimem is rmmtmzed~, no exeaSSlVe Se load it}
b~ola proteins, and Se volatilization capacity, is maximized.

Plan 7: Exploring Marcroinvertebrate Markeling

Novalek, Inc. currently has a large European and U8 market for brine shrimp. The quality of brine
sbaiurp obtained from TLDD evaporation ponds is deemed to be prcurluur and the last year ~hrim~.
production from TLDD has been exported to Europe as public and per aquarium food. In conjunanon
with the Aquatic Research Institute, the marketabiliW of other water-column macreinvertebrates as pet
aquanuur food and animal feed supplcmenr~s will also be explored.

Plan 8: Projecl Management

All task~ wtil be coordinated by Drs. Teresa Fan and Richard Htgashi at UC Davis. Management of
specific tasks will be as fellows: Plan 1 by the Panoche Water District with the assistance frour the
Department of Water ResourCes. Fresno; Plans 2, 4-6 by UC Davis; Plans 3. 7 by Dr. Robert Rofen at
Aquanc Research Institute.

IL PROJECT pHASE, AND SCHEDULE

The above plans will be conducted in four phases and the phase schedule me not neeassanly in

Phase 1 - Reservoir preparation and stabilization (Plans l&8), which is to be completed in 6 months
Phase 2 - Re~rvo~r mmntenanee and mmfipulation (Plans 1, 2. 8), which shall ~c~’mr iurmediately

following Phase 1 in Yem" 1 and be conduetud periodically throughout the 3 project years; the
frequency of mampulation ~vill be determined empirically.

Phase 3 - Reservoir uronitoring (Plans 2-6), which will begin m Phase 2 in coordination with the
frequency of reservoir manipulauon.

Phase ,~ - Macroinvcrtebm~ marketing test. which will begin after saI~ictant macroinvertebratu harvest at
the Aquanc Research Institute and the test will be conducted periodically throughout the 3 project
years.

Locauo~ and/or Geographic Boundaries
See FIGI.TR~ 1.

ECOLOGICAL/BIOLOGICAL BENEFITS

EcelogicaFBiological Objectives

Our overall objective ~s to mitigate ecotoxic risk of contamlnanls, particulalily Se, in agnculur~xtl
&~iaage reservows to reduce subsequent impact on wildlif~ along the San Joaqurn river COltid,,n- and
through the Pacific flighwa~ for migrato~’birds Drainage regulatory reservoffs me deemed to be etitica!
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F~ et al.

for regulating the release of drain waters from the Grassland Bypass area into the San Joaquin river .so
that episodic cxceedauc~ of Se load into the river can be circumvented. Drainage evaporation basins are
currently utililized for disposing drain waters th the Southel:n San Joaquin Valley, which is in the direct
path of the Pacific Flightway.

I I

NaS*til.~’ Wt 20"$t~.0’

To achieve the overall objective, the follo~ving questions Will be addressed: (1) to reduce Se mxd
fe, od availability to fish and birds through aggregation and exhaustive harvesting of waier-co!unm
invertebrates; (2) to intmeept bioavailable Se load into the sediment tbxoagh water-eolurnn invertebrate
harvest; (3) to manipulate tl~ microphyte communiD’ to optimize Se loss through volatilization, to
minimire bioavailable ~e, mad to sus "rain harvestable inve~tcbpate production; (4) to optimize the timing of
microphyte manipulation and thvertcbrate harvest with rcspect to wildlife breeding season.

After decades of research efforts on Se contamination issue, it is clear that complex Se
biogeochemistty holds the key to Se ecotoxicit3’ in aquatic ecosystems. Consequently, simple water
quality parameters such as waterborne Se eoucentmtion and even Se body burden of aquatic organisms
are not ’always reliable predicators of Se toxicity to wildlife (EPA report, 199g).~ The picture thai is
emerging is that Se biogeochemistry particularly in the sediment, plays a pivotal role in Se fate in the
envimnmenL which in turn determines its long-te]’m ccotoxic ]ask (F=PA report, 1998).These

7
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Fan et

Se ~ml~ct on ecosystems. For e,,cample, after a decade of restoration cftbr~ a~ Belews ~ke Ca ~wer
p~t fly ~h r~ving rescuer), NC. ~ ~ ~ fish ~pulafion r~n~ slgnific~t, desN~
d~c decree in wa~r~m¢ Se ~cen~ to well ~low ~e ~A r~mmend~ 5 ~ li~t
(~mly, 1~). S~ment-~N f~ pa~way for Se w~ ~ut~ as ~� m~n f~tog for such a slow
recovew. TNs o~en,a~ svongly suggesm ~ simply ~moving Se from wa~ without
~nside~ion f(~ ~e pa~way in~ ~� ~m~t ~ll ~t ~Nev¢ ~e ~a~ g~ M Se mm~iation, i.e,
ml~ng ~to~e risk. ~ ~-1~ l~so~ m~st now ~ in~gl~ ~nto ~y long-mm~
lmpl~e~mfion pl~ for Se ~m~ation ~d e~ysmm ~morafion.

Since ~e ou~ of ~e K~te~on incident, a n~r of miU~uon s~es for Se ~n~ina~
~ve ~en rased, include ~ge ~Oon mad reuse. ~mov~ of ~ f~m ~ waters, li~
~seh~ge in~ ~e S~ J~uin river, ~d l~d rehrement. I~ i~ de~- now ~eh s~ hms i~ pr~ ~d
cons ~d ~ ~ ~ widely ~plemen~ without major e~nom~c ~ot envi~men~
~mpromises, For e~ple~ &Mnage ~h~gc into nve~ is not ~ option f~ ~e Southern S~ 2~qmn~
VMley due ~ t~ibiliW, ~ge reuse (e.g. via agofor~) may ~t ~ a g~ opfi~ for Mghly
~i~z~ &~ge ~s such ~ ~t Hills Wa~ Dismct_ or Se ~mo~ to ~lo#~ly "s~e" li~t in
M~[y seie~ waters is ex~ to ~ ~st-p~hi~Ove, Among MI opfio~ explore, ~mnage
disch~ge fr~ ~e ~sl~d Bypass ~ m~ ~e S~ Joaqum river prob~ly represents ~e m~st
~n~ve~ issue, g~ ~e s~d~mt of ~lo~olt~ benefit. T~s is ~a~e of ~e l~k of
~ under,dine of ~ long-~ ~ssimilato~ ~i~~ for Se "~ci~" of ~e river ~d ~e
F~m th~ lesson of Belews ~e descfi~ a~vc. simply reducing Se l~d tn~ the fi~r ts "no"
~su~ for mittgafing l~g-~tm ~ tm~t on &e e~sys~m. New ~n~p~ ~d appr~eh~,
~d~on ~ ~ Se 1~ ~ucfion. m~t ~ develo# m Mlow ~r aO~five m~agement of d~ wa~
~l~e ~d ~s~.

~ pro~ appamch is desired ~ address t~s ve~ ~nu-ovemiM tssue. We will
~ibih~’ of ~figafing ~Mc risk in drMnage ~oirs by b~ing ~e f~ch~n ttznsfer p~way in
~ wa~r col~ ~d ~m~t-deMtus in~ ~ough ~vesting of w~lumn inve~tes.
1~ ~uc~oa ia ~e ~s~oir will also ~ achiev~ by ~a~ng ~ ~ty f~
o~mM Se volafili~uon. The ~p~ f~eworkis oufli~ in FIGURE ~. T~s ~p~eh shodd
en~ce our a~lity ~ o~mte ~gulao~ d~ge ~se~o~ ~in ~logi~ly "’s~e" limlm, w~le
~u~ng Se di~h~ge in~ ~e river. TMs appr~eh should ~so f~ili~te ~e ~-~me ~g~ent of
~n wamr relic to avid ~sc~ of excess Se l~d m~ ~e fiver d~ng ~gh ~ge fl~v
~e~ore, ~e f~c~n ~nfer i~on m ~ gMn~ f~m ~e pm~s~ studs should
o~ ~demmding on ~ ~sinfila~ ~i~ f~ Se "~ci~" in ~ lofic ~d lenfic systems.
Finely, ~e ~o~c effigy of o~ apw~h shoed ~ ~ff~vident sin~ ~e ~t of ~moving Se ~d
Se risk ~ ~ defray~ by ~e~g of h~es~ m~mve~ehm~.

We r~ntly 1~ ~t ~e Td~e ~e D~ge Dis~et’g ~LDD) eva~ b~in e~bi~ a
y~-round d~ing wend in water~e Se ~nc~u~ des~te ~e ~t~n~a~ efl@t f~
wa~r evasion (F~ ~ M., l~&b). T~s r~t is ~is~nt with ~e s~t ~pling res~
ob~n~ a d~de ~lier tM~e et M_. 1989), ~ t~s phenomenon h~s ~is~ for at l~t &e Im~t 10
y~ (.FIGURE 3. Ap~x). In fack ~se b~ins ~ve ~ea in f~-s~e o~rafion (~s~smg
app~x. 12,~ a~ft wa~/yr) foI over ~) y~s ~d yel w~r~me Se ~ncent~o~ ~ not
a~umdatmg. If ~e m~(s) ~d ~e a~n~t ~c risk ~ underarm, s~h na~
a~n~on of Se may ~ enh~d to redu~ Se 1~ m a~cut~M drm~e ~servgl~. ~th in ~s of
sh~-~ m~mo~ ~d toag-m~ creation basins.
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Fan et aL

Highashi, 1999b). These results sngg~t that micoph~tu coarmumty plays an important role in ~o
volatilization, depletion l~-om water, and fixation into the sethment as well a~ m controlling benthic
inveItebrate population.

The proposed approach integrates the knowledge thin we gained from the above cvapom~io~ l~sin
studies with the ongoing invertd~rata harvest trial at TLDD eonduetud by Dr. Robert Rofen at the Aqualic
Research Institute. The ERP str~degic objoetive that this proposal addresses ts "contaminant" reduction
(p.3,21, vol. 1 of ERP). The linkage to future ERP action and goals include (see the Proposal
Solicitation Package, Feb., 1999): 1) to improve Water Quaiity (Goat 6, p~ 16) of the Bay/Delta by
reducing and regulating Se load discharged into the San Joaquin river (3rd & 5th E, RP actions, p. 9,3,
24); 2) to assist in Rehabilila~ion and Proteotior~ of Natural Processes (Goal 2, p. t4) by remediating Se
risk in the Grassland Bypass area (2nd ERP action, p. 19: 3] to help proteel Recreational and
Commercial spestes (Goal 3, p. 15) by reducing Se impact on fish steak ,e.g. spliteil, sturgeon, salmon,
steelhead) (1st ERP action, p. 28) and waterfowl species (e.g. these m the Grassland area). Since Se
discharge from the Grassland Bypass area may represent a major source o~" Se to the Central Valley and
Bay/Del ’ta watershed, the source control measure proposed should contribute towards CALFED’s overall
objectives on Ecosystem Quality and Water Quality. As the Grassland Bypass area is currently regulated
oa EPA’s total maxium daily load (TMDL) for Se, ff successful., the pr~)poscd approach should
contribute towards adaptive ~mmagcmant plan lor meeting this regalatory demand.

System-wide Ecosystem Benefits

The proposed project should help implement organized water quality management in the Sen
Joaquin river co~Tidor via establishing low Se-risk regulat~3" reservoirs for the Grassland Bypass
Drainage area. It should also contribute to lowering Se risk in the long-term operation of terminal
drainage reservoirs in the San Joaquin Valley watershed. In conjuction with drainage reuse programs.
the proposed plan can facilitate salt utilization by reducing Se contammanon of evapodte saits~ which
help mitigate salt load to the Bay/Delta watershed.

Compatibility with Non-Ecosystem Ohieetives

By reducing Se contamination and episodic Se overload to the San Joaquin river, the proposed plata
should improve water quality of the river and the Delta while fa~ilitating Cvnlaal Valley watershed
management.

TECHNICAL FEASIBILITY & TIMING

Relation to Other Alternative Management Opiions

There have been many apprcaches proposed and tested for manatpng agricultural, dealn waters.
including drainage reduction by changing irrigation practices, drainage reuse by cropping salt-tolerant
plants, agroforcstry, treatment of drain waters to remo~ contaminants such as Se, and discharge ~nto the
San Joaquin river. It is clear from the draft &~aage report of joint UC/DWR teelmical conLrmttee that no
single method can achieve the desired economic efficacy and mmgatic~ of ectexic risk simultaneously.
Consequently, new approaches need 1o be developed that can improve extstmg management schemes to
attain these two goals.

The proposed approach will investigate the feasibility of adapting existing management for drainage
rcso~’oir to better mttigate Se c~toxic risk to wildlife in the Grassland Bypass area and San Joaquin
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fiver corridor. If successful, this approach should also help reduce the current management cost for
drainage reservoirs by marketing the biota harvested l)-om the reservoir. We do not expect any major
barrier to the technical fesMbilit3" or timing for the tasks desclibed under Scope of Work. The tasks
proposed are within the respective expertise of the PI’s and participmrt,s, For future perspec~ve, we also
do not expect difficulty in scaling up from lfilot- to full-scale opemung reservoirs since this concept was
originally tested in full-scale TLDD evaporation ponds.

We do not expect that CEQA, NEPA, or other enviromnantal compliance document~ am required for
such pilot-scale tri’M, since environmental impact is expected be negligible.

MONITORING & DATA COLLECTION

Bido~ical/F..colo~i "cat Obiectiv~l

The biological/ecological objectives and attendant test hypothesis is described under
ECOLOGICAL/BIOLOGICAL BENEFITtg section. The conceptual framework for the objectives
is depicted in Figure 1. Water and sediment quality, rmerophytc community, and biota Se status will be
monitored in Pha~ 3 of the project.

Monitorin~ l~urametors and Data Collection Ao0roach

Temperature, pH, salinity’, and torbidity of the pilot reservoir water at the Pan~che Water District
will be ~,ontinuously measured using appropriate probes, sanbi disk, and data logger. Waterborne Se
concentration will be measured biweekly or as frequently as necessaD’ while sediment Se status will be
acquired q~a.rterly. Se status in the biota will be determined in coordination with the microphyte
maulpulahon and invertebrate harvest, which is cxp,ec~ed to be on a monthly schedule. The proposed
Aqu3tic Research Institute persomlel will be responsible for macroinvestebrate collection and testing of
macroinvertebmte marketability. Mamtanance of field mouitoring equipment, sediment sampling,
microphyte community analysis, and Se analysis of water, sediment, and biota will be carried out by the
UC Davis postdoctoral seientist with Fan and Higashi’s assistance, while on-site Se volatilization
measurement and subsequent GC-MS analysis will be performed by Higashi and Fan. References to the
sampling protocols ave li..,aed under Scope of Work. The proposed work hes no formal coordination with
other monitoring programs. However, the data ganemted can add to the existing data base.

The frequancy of sampling is as described above. Water samples will be addified to pH 2 on the
day of collection for Se analysis, sediment samples will be kept cold during traxtsport, and biota ~amples
will be frozen in liquid nitrogen on-site and transport on dry ice. Bioa and sediment samples (after
porewater removal) will be freeze-dried in the laboratory and stored at -70"C before analysis. The
alral~ic~l protceols are ~x:ferenced under Scope of work. The monitoring data will be organized qtumefly
to e~ ainate the ¢cotoxie status of the reservoir and to guide further manipulation.

The proposed project will be in partnership with the Pan0che Wares District (Firebaugh) and
Department of Water Resources (Fresno) (see letters). DWP,, Fresno has plans to t~at a similar approach
in ~he n~magement of terminal drainage reservoirs at the Lost Hills Water District. US Fish & Wildlife,
Regton’,d Water Quality Control Board. and the count3’ supervisors of the study urea have been informed

11

I I018480
I-O18480



Fan ~’~

of thc propose~ concept. Sta~dy r~sul~ will ~ pm~n~ ~ a~m~ate meetings- for ou~hing
in~res~ groups.

Table 2. Monitoring and Data Collection Intbmaation

I) Biologlcal/Eca~logical Objectives
Hypotiiesis/Question to be Momtoring Parameter(s) ~ndData Evaluation Approaeh’ Comments/
Evaluated Dam Colleclion Applx:~ach Data Pdor;.ty

1) Reduce Se/fcvotl source Monthly hie ’ta ~mpling & ~sse~sment of invertebrate
to top predators by biota sortin~ abundance, Se analysis of
harvest biota samples

2) Interrupt sediment/ Qum’terly sediment & monthly Se analysis of sediment &
[ot~ta[ foodchaii1 pathwa) benthic biota samplthg benthic biota sample~

by biota harves/

3) Reduce Se risk by :ertilizer addition, real-time Total Se & Se volalilizalion
manipulating microphyteWater quality monitonng, analysis of water, microphyte
community biweekly water sampling, ~ommunity analysis, biota

laxvestability & Se analysis

4) Minirmze risk by Adjust microphyte production ~. ssessmcnt of invertebrate
optimizing timing of biota hef~re, during, & after breedingibtmdance, Se analysis of
aalwcSt seasot~ biota samples

COS_T

TOTAL BUDGET SUM!dARY

Task Direct Direct Service Material & Miscellaneot Ov~0.eadTotal

Labor Salary & Contract Acquisition s & Other & Indirect Costs
Hours Benefits     s      Costs Direct Cosls Costs

[. Biogeoehemistry 7,488 235,194 53~426 79,000 15,000 37,261 419,881

UCD) (171,404)554,024)

[I. Harvesting (Aquatic 12,240213,049 0 72,700 13,8.00 29,956 329,505

Research Institute) ,

TOTALS 19,728 448,243 53,426 151,700 28.800 67,217 749,386

(201,360)(883,529
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~UA~TERLY BUDGET

Year l

Task Oct-Dec 99 (includesJan-Mar 00 Apr-Jul~ 00 Jul-Sep 00

any Equipment)

Biogeochemistry 72,20~ 37,20~ 37,20c. 37,20~

Harvesting 31,61z 31,61z 31,6lZ 31,61~

TOTALS 103,823 68,82! 68,82~. 68,823

Year 2

Task Oct-Dec 00 (includesJan-Mar 01 Apr-Jul~ 01 Jul-Sep 01

any equipment)
BJogeoeh~mistry 28,96~ 28,96~ 28,967 28,965

Harvesting 24,78~ 24 78z 2~,784 ,2A,78~

TOTALS 53t751 53t751 53~75] 53,75’

Yea~ 3

Task Oct-Dec 01 (includesJan-Mar 02 Apr-Jun 02 Jul-Sep 02 TOTAL

any equipmem)
Bio~geochemistr~ 30,04.~ 30,045 30,045 30,04~ 419,88

Harvesting 25,97~ 25,97c~ 25,979 25,97c~ 329,50~

56,023 56z02-" 56,027 56,022 749138TOTALS
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Funds are requested for preparing ($35,426) and maintaining the wate.F level ($6,000tyr) of
reservoirs near the Panoche Wat~ District Oflices. At UC-Da’~as. one full-time postdoctoral scienns~
budgeted for p~fforming the bulk of the field monitoring, sample colleetion/pre, ce-.ssing, and data
analysts, Two full-time personnel [or the Aquatic Research Institute (APd) is requested to pofform the
macroinvertebrate harvest and sorting with a 114 time supervisor for managing the opexation A 15%
each effort is requested for the two UC Davis PI’s for Se volatilization messvrement, onordinalion of all
proposed rusks, data interpretation, and report preparation. Equipmant for UC-Davis onnsists an I-IPLC
autos~tmp!er for Se analysts ($10,000) and damloggmg instruments ($25.000) for the reservoirs,
including pH, temperature, and 15C, with long cables an4 signal repeater units due to the distance tc the
nearest power supply. Equipment for AR1 consists of two harvegtin~ I:wats ($20,300), two docks
($800), a trailer (52,200), water pump tbr the reservoir t$7.500) and two water circulators [$3,400)
needed lbr invertebrate sampling; subsequent years are projected equipment costs l~r l’¢plaemg parts of
tbefirstycareqmpmant. For UC-Davis_ 10% overbeadis ca/ealatedtmdi~.*ctcostsnamuseqmpment,
and the~ is a 10% overhead for the first $25,0C0 subcontract to ARI. For ARI, all direct onsts are
sub.l~t to 10% overheadi

Schedule_

Shown below is the schedule of the project, with il~ms listed in seetitm L F~perimental Approach.
A 4-year tiraehne is shown for illustrative purposes only; 3 years ~s proposed.

tl Basin
I2 I~oph!a~ manipusili~n

COST-SHARING

The following cost for the project will be defrayed by re~nrees obtained elsewhere:
- GC-MS instrumentation ($120,000) for Se form analysts
- ED-XRF spectroraeter ($80,000) for analysis of element profile
- Fluoresceacc spectrophotometer ($26,000) for total Se analysis
- HPLC and diode army spectrophotometer ~$25,000) for microphyte pigment analysis
- Ultra~old freczer (-70°C) ($10,000) dcdicat~d lor SC researoh
- Additional 20% effort ($45.000) frown Fan and 10% effort ($21,000) from Higeshi as supporled

through the Department of Water Resources and UC Salinity/Drainage Program. ~
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APPLICANT O|IALIFICATIONS

Dr, Teresa W-M. Fan is an associate research professor in the Dep~rtment of Land. Air and Water
Resources, Ortiversity of Californi0. Davis. ttel research interest has been in the broad area of
environmental biochemistry ranging from plant stress biochemistry and So biogeochemistly in relation
to in sits bioremediatiotL to mechanisms of aquatic eeotoxicity of agricultural mad industrial discharges.
Along calFed’s interest_ she has been working on salinity and toxic metals stress on the Asian elan~
Potamocorbulct amurensis, in the Delta/San Pablo Bay, as welt as the tradeoffs betwc*-n algal
phytoremedintion and ecotoxic risk of seleaium in San Joaquin Valley’s evaporation ponds. She has
served on the 9-member EPA Peer Consultation Workshop on Salonium Aquatic Toxicity and
Bioa¢cumulation (March 1998/ which concluded that selenium organic forms and foodehaln
biochemistry - not total Se - should be the target of ecotoxic investigations and bioremediation goal.
Most recently, she was one of the m~lors of the Central Valley Drain0ge Implementation Progrmn’s
comprehensive report on Discharge to the San Joaquin River.

Relevant Publications,
"Bxotransformations of Selemum Oxyanion by Filaman~us Cyanophyte-Domin0Xed Mat Cnltured from

Agricultmal Drainage Waters". T.W,-M.Fan. RAM. Htgashi, and A.N. Lane. Environmental Scieru:e
and Technology 32. 3185-3193 (1998).

"Biochemical F~te of Selemum in Microphytes: N~tural Bioremediation by Vola’dlization and
Sedimentation in Aquaue Environments". T,W.-M. Fan and R.M Higashi. In: Envirorm#emol
Chemistry ~ Selenium~ W.T. Frankenberger and R.A. Engberg, eds., Mat~l Dekker, Inc., New
York, pp. 545-563 II998L

"Synthesis and stPacture ehatactenzauon of selenium metabolites". T.W.-M.Fan. A.N. Lane_ D.
Martens, R.M. Hi~ashi, Analysf 123(5). 875-884 11998).

Dr. Richard M Higashi is an assistant research professor in the Crocker" Nuclear Laboratory,
University of California, Davis. Fie has worked in broad areas of environmental chemistry, ransm~
from toxicity idantifieation in complex effluents such as pulpn’dil and oil production discharges, to
DOE waste contamination r~mediation, to agricultural water, soil, and sediment problems of the Central
Valley and San Francisco Bay/Delta, as well as air pollution (PM10 and ozone) research in the Centcal
Valley and Sierra Nevada P,~nge. The chemistry of humics and other organic matter plays a central role
in ALL of these research areas, and he is currently ~agaged in organic matter chemistry investigations in
relation to selenium eentoxic remediation in evaporation ponds oftha SJV.

Dr. Robert Rofen is the director of the Aquatic Research Instinfte anti prealdant of Novalek, Inc.
and has over 40 years of experien~ with brine shrimp research~ harvest, and marketing.

Relevant Publications
"Selenium Riotransformations by a Euryhaline Microalga lsolatcd tram a Saline Evatx)tat~on Pond",

T.W.-M. Fan, A.N.Lane, and R.M. Hlgasht. Environmental Science and Technology. 31,569-576
(1997).

"Association at desfemoxarmne wtth humic substances and their interaction wtth cadmium(ll) as studied
by pyrolysis gas chromatography mass spectrometry and nuclear ma~metic resonance spectroscopy",
R.M. Higashi. T.W.-M. Fan_ A.N. Lan, Analyst 12315). 911-918 { 1998).

"Microph~tes-Mediated Selemum B~ogeochemmti3 and Its Role in In Sits Selenium Bioremediation",
T.W.-M. Fan and R.M. Higashi. In: Phytoremediation. N. Tarry, ed., Ann Ar~oor Press
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April 12, 1999

Adaptive Management Strategy for Regulatory Reservoirs of
Agricultural Drainage Discharge: Mitigating Selenium
Eeotoxic Risk by Combining Foodchain Breakage with
Natural Remediation

Foodchain Breakage Task

by Robert Rofen
Aquatic Research Institute (a not-for-profit tax-exempt trust in the
State of California)
2242 Davis el.. ltayward CA 94545            tel 510 782-4058 800 877-7387
fax 510 784-0945 510 782-0347                     e-mail: rofen@prado.com

Proposal to: CALFED-Delta Program, to be subcontracted from Ueiversity of
California-Davis, Teresa W.-M. Fan. lead PI

Robert Rofen~ co-Priecipal Investigator Date
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DEPARTMENT OF WA’I:ER RESOURCES
~

3374 EAST SH ELDS AVENUE
FRESNO. CA 93726-6913 "April 13. 1999

Dr, Teresa Fan
University of California-Davis
Department of Land. Air and

Water Resources
" Shields Avenue
Davis, California 95616-8627

Dear Dr. Fan:

This is a letter to assure you of our intent to collaborate and express our 8uppor~
for your proposal to CALFED, entitled "Adaptive Management Strategy for Regulatory
Reservoirs of Agricultural Drainage Discharge Mitigating Selenium Ecotoxic Risk by
Combining Foodchain Breakage with Natural Remediation". The proposes
management strategy ~s umque among schemes to remediate agricultural drainage, in
that it is designed from ground-up to address your area of expertise--the eeotoxic risk
of selenium. Since ecotoxic risk is lhe only regulatory issue of concern for selenium
contamination of drainage water, sucn a project is direct and timely.

You propose a management system of reducing selenium eootoxic risk instead of
a treatment. This means that it can be readily validated on a full-scala basis without the
usua~ problems, costs, and delays laboratory studies, field pilot tdals, and costly design
and construction engineering, tn fact, Dr. Robed Rofen of the Aquatic Research
Institute has already demonstrated the proposal’s proof-of-ceneept or~ a full-scale pond
in the Tulare basin. It now needs to be developed for the different water chemistry,
operational conditions, and needs of the drainage waters discharged from the
Grasslands area.

On behalf of the entity responsible for managing the Department of Water
Resources Agricultural Drainage Program and the CALFED funded Real-time
Monitoring Program for the San Joaquin River. I would like to express our District’s
support for this proposal. We believe that this investigation will potentially open a fast-
track management alternative that will ensure that agricultural discharges from the
nonnem San Joaquin Valley will meet the discharge requirement8 and ecotoxic safety
limits needed to safeguard the health of the San Joaquin Valley, the San Jeequin River
and the Delta.
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PANOCHE WATER DISTRICT

April 12, 1999

CALFED Bay-Delta Program
Dr- Teresa W.M. Fan
Dept. of Land, Air and Water Resources
University of California
One Shields Avenue
Davis, CA 95616-6627

Subject: Proposal to CALFED entitled: "Adaptive Management $1rstegy for
Regulatory Reservoirs of AgdcJaltural Drainage DiaehaPge: Mitigating
Selenium Ecetoxic f~lsk by Combining Foodshain 8reaka9e with
Natural Romediation!’

To Whom It May Concern:

This letter is to confirm our intent to collaborate with Dr. Teresa Fen, ot el. On the
above-named project. We will provide the site, and manage the site-preparation
and maintenance of the prol~sed 2x2-acre regulatory basins,

The experimental site is located within Panoche Water District. The
regulatory reservoirs mentioned in the proposal ale likewise located within
Panoche Water District.

If there are any site questions regarding this collaborat~on, please don’t hesitate
to contact me. Any scientific or teohnicel questions should be directed to the PI,
Dr. Fan.

Sincerely,

General Manager
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UNI\rERSITY OF CALIFORNIA. DAVIS

Mereed County Board Administrative Offices
2222 M 8"1
Merced, CA 95340-3729
Phone: 209-385-7637

13 April, 1999

Tiffs letter is to notify your coumy of our intent to submit a proposal to the
CALFED Bay-Delta Program. due on April 16, which will be pelfomaed in part~ in your
county The information is listed below. If ftmded_ CALFED will notify you of the
project after close of their confidentiaaity period.

If you have any questions, please fed free to contact me at the number below.

Sincerely,

T~re~a W-M, Fan

Adaptive Management Strategy For Regulatory Reser~,olr Of Agricultural
Drainage Discharge: Mitigating Selenium Ecotoxie Risk By Cnmbialng
Foodehain Breakage With Natural Remediation

Primary Contact:
Dr. Terersa W.-M. Fan, Department of Land, Air and Water Resources, University of
California, Davis, One Shields Ave. Davis, CA 95616-8627
Phone: 530-752-1450; Fax: 530-752-1552

Participants and Collaborators:
Dr. Richard M. Higaski, Clocker Nuclear Laboratory, University of California. Davis
Jack Erickson. C~ifornia Department of Water Resources. Fresno
Dr. Robert Rofen, Aquanc Research Institute, Hayward
Dennis Falaschi & Marcos Hedefick, l-Mnoche Water District. FireNtugh

Type of Organization and Tax Status:                            ~
Umverslty, non-profit
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UNrVERSITY OF (]ALIFORNIA. DAVIS

Fresno Coumy Board-Superw~or 13 April, 1999

2281 Tulere St # 301
Fresno, CA 93721-2105
Phone: 559-488-3529

This letter is to notify your eoumy of our intent to submit a proposal to the
CALFED Bay-Delta Program, due on April 16, which will be performed in part in your
eotmty. The information is listed below If funded, CALFED will notify you of the
project after ¢lo~e of their confidentiality period

I£you have any queStions, please feel free to contain me at the number below.

Sincerely,

Teresa W-M. Fan

Adaptive Management Strateg~ For Regulatory Reservoir Of Agricultural
Drainage Discharge: Mitigating Selenium Eeotoxle Risk By Combining
Foodchain Breakage With Natural Remedlation

Primary Contact:
Dr. Terersa W.-M- Fan, Department of Land~ Air and Water Resources, University of
California. Davis, One Shields Ave.. Davis. CA 956168627
Phone: 530-752÷1450; Fax: 530-752-1552

Participants and Collaborators:
Dr. Richard M. Htgashi, Crocker Nuclear Laboratory, Univelsity of California, Davis
Jack Eriek~ott, California Department of Water Re~0urc*s, Fresno
Dr, Robert Rofan, Aquatic Research Institute. Hayward
Dennis Falaschi & "lvl~cos Hcderick. Panoehe Water District, FLrebaugh

Type of Organization and Tax Status:
University, non-profit                                            ~
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NONDISCRIMINATION COMPLIANCE STATEMENT

The comply n~ ~o~

a~s not ~ ~ ~y ~s~, ~s or ~ow h~m ~ ~ ~pl oy~ or a~ t for

CERTIFICATION

I, the official named below, hereby gw~ar that I
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NOT/CE TO ALL BIDDERS~

Se~isn 14fl~ et, seq. of the Calii’~rnla Government C~de ~q~s Lha~ m fi~ per~
prsfersn~ be ~van ~ bidders who qu~ify as a ~l hu~s. ~e ~lee ~ ~ations
of this law, ~cludJng ~e deletion of a small bus~ess for the de~ve~ o fse~ce, ~e contained
i~ ~tle 2. Califo~ia Coda o£Re~Rtivns S~ion 1896. at. seq. A ~py of~e re~latlons is
available u~n request. Que~ions rega~g the p~n~ approval ~s s~o~d be
direcmd ~ the O ~ce ~f Sm~l and Minority Buainess at ~916) 3~2~0~fl. To da~ thv sm~l
busin~s~ preference, you must submit a ~py afynur certification appmvM l~t~r ~h
your bid.

Yes= ~ No

*Attach R copy ofyn~r certifieatien approval lett~r.
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ASSURANCES - NON-CONSTRUCTION PROGRAMS

i;lstructions searching existing data source,, gathering and maintaining the data needed, and completing and reviewing the Collection ofI
I

to the Office of Management and Bud!)et, Paperwork Reduction Project (0348-0040), Washington, DO 20503.       I
I

PLEASE DO NOT RETURN YOUR COMPLETED FORM TO THE OFFICE OF MANAGEMENT AND BUDGET.
SEND IT TO THE ADDRESS PROVIDED BY THE SPONSOR NG AGENCY,

Has t~e ~egal authority to apply for F~deral assistance Act of 1975 as amended {2g U.S.C §794}, whict
ano lhe In~titution~l managerial and finan~l capability prohibits discrimination on the b~.sis of handicaps; (d)
(including funds sufficient to pa~ the non-Federal share the Age Discrimination A~t ol t97~. as amengeg (42
of project cost) ~oensurenroDer Dlannlng, managemenl U,S,C. §§6101-6107) which prohibits disodminatton

d~ .-uments related to the award: ang will establish a alcoholism: (g} §§523 ~ld 527 of the Publk3 -~e~.lth
prooer accou~ing system In accordance with generally So.ice Act nf Ig12 f42. LI,S.C. §§290 dr-3 and 290 ¢e

3 Wil~ establish safeguards to prohibit emo~oyeas from Civil Rights A~ of 19~ (42 U.~,O, §§~01 et soq.), as

agony, aoDlioagon.

1970 ~42 U.S.C. §§4798-4763) relating ~o prescribed reou~rements of Tifles II awJ III of the Uniform
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~ CAL~FORN~                                    ,
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=nto. Sut)mission of this cer~ific~fion is a prere~Jisite for m~kin9 or enfering into this transaction imposed by Section 1352. lille
31 U.S. Code Any persen who falls to file the required ceF{iflc~t=on shall be subioct to a civil oenalty of not less Ihan $10.000
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